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(54) Tide: IN-LINE FIB PROCESS MONITORING WITH WAFER PRESERVATION 
(57) Abstract 

This invention relates to methods for in-line sampling of 
a semiconductor wafer for monitoring purposes while preserving 
at least significant integrity of the parent wafer. More specifi- 
cally, the invention employs focused ion beam technology and 
electrostatic probes or a mechanical assembly, e.g., tweezers, to 
cut and remove a segment of a semiconductor wafer, while in 
process, for analysis, and to fill the void by deposition of a di- 
electric material on the wafer, thus preserving essential integrity 
of the wafer. The removed segment allows extensive analysis of 
the wafer, such as defect analysis, without sacrificing the entire 
wafer in the process. The invention can include the further step of 
filling the cavity that has been created in the wafer as a result of 
removing the segment The deposition of the dielectric material 
closes the opening and restores the wafer surface to its original 
or other desired topography. In addition, it limits the level of 
contamination of the wafer by the ions of the FIB employed to 
cut out the removed segment. 
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IN-LINE FIB PROCESS MONITORING 
WITH WAFER PRESERVATION 



Background 



This invention relates to methods for sampling a semiconductor wafer while 
preserving essential integrity of the wafer. More specifically, the invention relates to 
methods for in-line process monitoring of a semiconductor wafer without sacrificing the 
entire wafer in the process. 

The process monitoring of fabricated semiconductor wafers is traditionally 

accomplished bv removine the wafer (mm thf* 

w A««i*Miuwvunug puccaa iui aum yam. oucn 

methods traditionally render the entire wafer unusable for further processing. Thus, the 
wafer used for analysis is discarded. 

Although the wafer may be imaged by a focused ion beam ("FIB"), while still in 
process, to search for defects, the imaging capability of an FIB, even with integration of 
a scanning electron microscope ("SEM"), is not as good as that of a single column SEM. 
The imaging capability of an FIB is further limited by inaccessibility for imaging of side 
surfaces of structural blocks on the wafer. 

Furthermore, choices of chemicals for decoration of the sample are limited due to 
incompatibility of many chemicals used for decoration with the materials inside an FIB 
chamber. In addition, in the case of an FIB that uses Gallium ions, extensive 
contamination of the silicon wafer can occur, rendering the wafer not usable after 
exposure to the Gallium beam. 

Thus, wafers used for conventional process monitoring are typically removed 
from the FIB system, a portion of the wafer is analyzed, and then the wafer is discarded. 
This discarding of an entire wafer, including valuable intact circuit devises, can result in 
a significant financial loss. As a wafer enters the advanced stages of processing, the 
financial loss associated with discarding a wafer increases significantly. It is therefore 
desirable to develop methods which allow in-line process monitoring of semiconductor 
wafers without loss of the entire wafer. 

U.S. Patent No. 5,270,552 issued to Ohnishi et al (hereinafter Ohnishi), and 
incorporated herein by reference, relates to monitoring of FIB processing of wafers. The 
present invention provides improvements over what is taught in Ohnishi. The 
improvements of the present invention include avoiding damage to the wafer and 
monitoring the FIB processing of wafers in a quick and effective manner. 
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Accordingly it is an object of this invention to provide a method for in-line 
sampling of a semiconductor wafer while preserving essential integrity of the parent 
wafer. 

The invention is next described in connection with an illustrated embodiment. It 
will, however, be obvious to those skilled in the art that various modifications can be 
made to the embodiment without departing from the spirit or scope of this invention. 

Summary of the Invention 

This invention relates to methods for in-line sampling of a semiconductor wafer 

— to i — "iinv piwow vin^ ai icad i M^iiinuiiiii integrity 01 xne parent 

wafer. More specifically, the invention employs focused ion beam technology and 
electrostatic probes or a mecahnical assembly, e.g., tweezers, to cut and remove a 
segment of a semiconductor wafer, while in process, for analysis, and to fill the void by 
deposition of a dielectric material on the wafer, thus preserving essential integrity of the 
wafer. The removed segment allows extensive analysis of the wafer, such as defect 
analysis, without sacrificing the entire wafer in the process. 

The invention typically is practiced on a wafer of dielectric material, such as 
silicon, that is treated with integrated circuit fabricating steps such as selective impurity 
doping, passivation, chemical etching, material deposition, and the like. In one 
embodiment of the invention, the wafer is imaged by a focused ion beam to select a 
location to be analyzed. The location can be selected for example by seemingly faulty 
appearance, faulty in situ testing, or otherwise. After selecting the location that includes 
circuitry of interest or other wafer positions, a focused ion beam, capable of etching the 
semiconductor wafer, is directed to that location on the wafer to cut from the wafer a 
segment of selected size, including depth, at that location. In one embodiment of the 
invention, three straight milling cuts are performed. The cuts in this example penetrate 
the wafer to a depth of approximately 30 microns, at three sides of the segment to be 
removed. A further cut, is performed at an angle of approximately 45-60 degrees to the 
normal in such a way that a pyramidal polyhedron is milled with one corner well inside 
the bulk of the wafer. In such a case, the cross section of the cut segment viewed from 
the top is a square. In another embodiment, the segment is cut by making three milling 
cuts such that the cross sections of the cut segment viewed from the top and from each 
side are triangular. 

An electrostatic probe, brought to the proximity of the top side of the cut 
segment, removes the segment from the bulk of the wafer. Alternatively, mechanical 
tweezers can remove the segment. The removed segment is then available for analysis 
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without further deteriorating or otherwise affecting the wafer from which it was cut. 
Once on a sample holder, extensive analysis of the removed segment is feasible. For 
example, the removed segment can be placed in a high resolution scanning electron 
microscope ("SEM"), it can be chemically decorated, or it can undergo a variety of 
material analyses. 

The invention can include the further step of filling the cavity that has been 
created in the wafer as a result of removing the segment. The deposition of the dielectric 
material closes the opening and restores the wafer surface to its original or other desired 
topography. In addition, it limits the level of contamination of the wafer by the ions of 
the FIB employed to cut out the removed segment. In one embodiment of the invention, 
the semiconductor wafer is silicon, and Gallium ions are used for etching it to remove 
the segment. Because Gallium ions can diffuse readily into silicon, the deposition of the 
dielectric material after removal of the segment encapsulates any contaminated silicon, 
thus reducing the risk of large area contamination. 
1 5 Thus, the invention allows in-line process monitoring and defect analysis of a 

semiconductor wafer while preserving the integrity of the parent wafer. 

Brief Description of the Drawing s 

20 FIGURE 1 is a flow chart delineating steps according to the invention for in-line 

sampling of a semiconductor wafer. 
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FIGURE 2 depicts a semiconductor wafer from which a segment has been cut 
according to the invention. 

FIGURE 3(a) to FIGURE 3(e) schematically illustrate processes of separation in 
an embodiment of the separation method according to the present invention. 

FIGURE 4(a) and FIGURE 4(b) schematically illustrate an example of a 
30 separation process for separating a specimen which can be processed in a transmission 
electron microscope (TEM). 



35 



FIGURE 5(a) and FIGURE 5(b) schematically illustrate another example of a 
separation process for separating a specimen which can be processed in a transmission 
electron microscope (TEM). 
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Description of illustrated Embodiment 

FIGURE 1 shows a flow chart depicting various steps in an illustrated 
embodiment of the present invention. The first step of the process consists of imaging 
the silicon wafer by focusing a beam of Gallium ions on the surface of the wafer and 
detecting the emitted secondary ions. The imaging of the wafer allows selection of the 
location where it is desirable to remove a segment for analysis. 

Further reference to FIGURE 1 also shows that after selection of the appropriate 
location for removal of a segment, an FIB, capable of etching a silicon wafer, is used to 
cut away a segment of the wafer. In one practice of the invention, illustrated in FIGURE 
2, three straight milling cuts are performed to a depth of approximately 30 microns, and 
then a final cut is performed at an angle of 45-60 degrees to the normal to the wafer in 
such a way that a pyramidal polyhedron solid is milled with one corner well inside the 
bulk silicon. 

FIGURE 1 also shows that an electrostatic probe is brought to the proximity of 
the cut segment in order to remove the segment from the bulk silicon wafer. The FIB 
system then bonds the probe to the cut segment. Subsequently, a user can manipulate 
the probe to place the removed segment onto a segment or sample holder. The cut 
segment can then be analyzed by a variety of known techniques, such as SEM. 

With further reference to FIGURE 1, after the segment is removed from the 
wafer, an FIB is used to deposit silicon dioxide on the wafer at the location where the 
segment was removed. The deposition is accomplished by introducing chemicals, such 
as those in the siloxane family and typically in a vapor state, to the surface of the wafer 
in the presence of an FIB of Gallium ions incident on the wafer at the location of the 
removed segment. The beam of Gallium ions interacts with the chemicals to deposit 
silicon dioxide onto the wafer. The deposition at least coats or covers the surface where 
the segment was cut from the wafer. It typically fills the cavity created by the removal 
of the cut segment, and can restore the surface of the wafer to its original topography. 
Because Gallium ions are contaminants in silicon, coating the cuts in the wafer with 
such a dielectric as silicon dioxide reduces the risk of large area contamination by 
encapsulating any contaminated silicon. 

FIGURE 1 further shows that the steps of imaging, etching the wafer to cut a 
segment of the wafer, and depositing dielectric material on the wafer, are accomplished 
in a high vacuum chamber. The step of removing the cut segment can be either 
performed under high vacuum, or can be accomplished externally by removing the wafer 
from the vacuum chamber. 
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FIGURE 2 shows the geometry of one embodiment of a sample cut from a wafer 
according to one method of the present invention. 

Next, with reference to FIGS. 3 (a) - 3 (e). the processing on the specimen 12 by 
means of an FIB apparatus will be described. FIG. 3 (a) to FIG. 3 (e) show an 
embodiment of the present invention, illustrating steps (a) through (e) for separating 
from the specimen 12, a part of the specimen 12 including a portion to be analyzed. In 
this embodiment, the specimen 12 is silicon substrate, and the separated part of the 
specimen 12 is hereinafter referred to as "a separated specimen". The process of 
separation will be described along the steps (a) through (e) successively. 

(a) In FIG. 3 (a), the attitude of the specimen 12 is maintained so that the FIB 1 1 

IS nemenHir.iiIarlv mdiatorl o n «ka „.,-c j.i.. • . - 

t -r j u.i„ juuai, c ui me specimen iz. the MB 1 1 is scanned 

rectangularly on the vicinity of a portion to be separated; so that a rectangular hole 13 
having a required depth is formed in the surface of the specimen 12. 

(b) In FIG. 3 (b) the specimen 12 is tilted so that the axis of the FIB 1 1 is tilted 
15 at an angle of about 70° relative to the surface of the specimen 12. The FIB 1 1 is 

radiated to a side portion of the specimen 12 in which the rectangular hole 1 3 is formed, 
so that a bottom hole 14 is formed in parallel to the surface of the portion to be 
separated. The tilt angle of the specimen 12 (the attitude of the specimen 12) is changed 
by means of 1 specimen rotator. 
20 (c) In FIG. 3 (c), the attitude of the specimen 1 2 is changed so that the surface of 

the specimen 12 is set to be perpendicular to the FIB 1 1 again. The FIB 1 1 is scanned 
along a circumferential portion to be separated so that trenches are formed. 

(d) In FIG. 3 (d), in order to separate the portion to be separated by using the 
FIB 1 1, the FIB 1 1 is scanned along the circumferential portion to be separated to 

25 elongate the trenches 1 5. Next, a separated specimen 1 9 is cut from the specimen 12. 
The cut-out separated specimen 1 9 is supported by the electrostatic probe 3 1 . 

(e) In FIG. 3 (e), the electrostatic probe 3 1 is manipulated to move the separated 
specimen 1 9 to a required place. 

FIG. 4 (a) and FIG. 4(b) show an embodiment in which a portion of the specimen 
30 12 is spirited in the same manner as in the above embodiment, and its separated 
specimen 19 is made into a thin film capable of being observed by a transmission 
electron microscope (TEM). 

In FIG. 4 (a) a portion 19a of the separated specimen 1 9 is previously cut out to 
be thin. In FIG 4 (b) the thin portion 1 9a of the separated specimen 1 9 is further thinned 
to form a thin film by the FIB 1 1 . The portion 1 9a of the specimen 1 9 is analyzed by a 
TEM. According to this embodiment, it is possible to remove a TEM specimen from a 
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desired location on the specimen 12 easily and with accuracy, without destroying the 
specimen 12. 

FIGS. 5 (a) and 5(b) show the removal of the separated specimen 19 by a 
mechanical assembly. The mechanical assembly can take the form of tweezers capable 
of gripping the separated specimen 19. 

One illustrative apparatus capable of practicing the invention as described above 
to achieve the mentioned steps is a commercially available focused ion beam instrument, 
such as model 9500 IL series marketed by Micrion Corporation. Electrostatic probes, 
capable of removing a cut segment of the wafer, are also commercially available. 

The methods of the invention, therefore, allow in-line processing of a 
semi conductor wafer whilp rwx^r-w;™^ *u*± — * r 

. . f- win- jjcu^iii WdlCI . 

It will thus be seen that the invention attains the objectives set forth above. 
Because certain changes in the above processes can be made without departing from the 
spirit or scope of the invention, the above description is intended to be interpreted as 
illustrative and not in a limiting sense. 
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What is claimed is: 

1 . A method for sampling a semiconductor wafer for analysis comprising the steps 
of 

5 imaging said wafer, for selecting the location of a segment for sampling, by 

detecting particles emitted in response to a focused ion beam incident on the wafer, 

cutting said wafer at the selected location by directing a wafer-etching focused 
ion beam onto the wafer to separate the segment from the wafer, 
removing the separated segment from the wafer, and 
1 0 depositing a dielectric material on the wafer surface from which said segment 

was cut. 

2. The method of claim 1 wherein said semiconductor wafer is silicon. 

15 3. The method of claim 1 wherein said cut segment consists of a plurality of intact 
layers, introduced by manufacturing process, with a conical shape and a cross section 
selected form the group consisting of circles, ellipses, squares, and triangles. 

4. The method of claim 1 wherein the step of removing said cut segment is 

20 accomplished by an electrostatic probe positioned in the proximity of said cut segment. 

5. The method of claim 1 wherein the step of depositing a dielectric material is 
achieved by depositing silicon dioxide on the wafer surface from which said segment 
was cut. 

25 

6. The method of claim 1 wherein the step of removing said cut segment is 
accomplished by mechanical tweezers positioned in contact with said cut segment. 

7. A method for sampling a semiconductor wafer for analysis comprising the steps 
30 of 

cutting said wafer at a selected location by directing a wafer-etching focused ion 
beam onto the wafer to separate the segment from the wafer, and 

removing the separated segment from the wafer using an electrostatic probe. 
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